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Electronic Component Unit, Electronic Assembly Using The Unit, And 
Method For Manufacturing The Electronic Component Unit 

FIELD OF THE INVENTION 
5 The present invention relates to an electronic component unit 

which an electronic component is mounted on a substrate, and an 
electronic assembly using the electronic component unit, as well as a 
method for manufacturing the electronic component unit. 

10 BACKGROUND OF THE INVENTION 

In manufacturing an electronic component unit of the present 
category under discussion, a substrate is tested, before it is mounted with 
electronic component, with respect to conduction of electrical conductive 
patterns formed on the substrate. Only the substrates which passed the 

15 conduction test are sent to a subsequent process step to be mounted with 
electronic component. 

However, some of the electronic component units are often 
rejected due to poor connection at the final inspection, despite the fact 
that such units are made with substrates approved at the above 

20 conduction test. It has been found out that the rejection is caused by the 
phenomena described in the following. The conductivity test of a 
substrate is made by contacting a piece of electroconductive rubber on the 
surface of connecting area of the conductive pattern. A part of the 
electroconductive rubber inevitably remains on the connecting area after 

25 the test. Although the electroconductive rubber as a whole has a good 
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electrical conductivity, the remaining particle staying on the connecting 
area has a poor electroconductivity, or almost non-electroconductive. As 
a result, when an electrode of electronic component is attached on the 
connecting surface, the electrical connection may be deteriorated by the 
5 remaining particle staying between the surfaces. Further, in some cases, 
conduction troubles are brought about by an insufficient strength of 
connection between substrate and electronic component. 

SUMMARY OF THE INVENTION 

10 The present invention addresses the prevention of rejection 

due to poor electrical connection. 

An invented electronic component unit comprises a substrate 
having a conductive pattern on at least one of the surfaces, and an 
electronic component mounted on the surface of the substrate, on which 

15 surface the conductive pattern has been formed; in which, the electronic 
component is disposed with its electrode facing to the substrate, the 
connecting area of the conductive pattern facing the electrode is 
roughened, and the electrode of electronic component is connected to the 
roughened surface of connecting area by means of an electroconductive 

20 adhesive. 

An invented electronic assembly is structured with an 
electronic component unit of the present invention mounted on another 
substrate. 

An invented method for manufacturing an electronic 
25 component unit comprises the steps of forming a conductive pattern on at 
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least one of the surfaces of a substrate, roughening at least connecting 
area of the conductive pattern, and connecting the roughened surface of 
connecting area and electrode of electronic component by means of 
electroconductive adhesive. 

According to the present invention, the electrical connection 
between electrode of electronic component and the surface of connecting 
area is brought to a stable state because, as a result of the roughening 
operation applied on the connecting area of conductive pattern, the 
particle of poor conductive material sticking on the surface of connecting 
area is removed, at the same time the surface area of connecting area is 
increased. Also, the roughening of the surface increases an anchoring 
effect of electroconductive adhesive to an enhanced mechanical 
connection between electrode of electronic component and connecting area 
of conductive pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 to Fig. 3 show an electronic component unit in 
accordance with an embodiment of the present invention; Fig. 1 is a 
perspective view, Fig. 2 is a plane view, and Fig. 3 shows a cross sectional 
view of a key portion. 

Fig. 4 to Fig. 18 are used to describe a method for 
manufacturing an electronic component unit in accordance with an 
embodiment of the present invention: Fig. 4 is a plane view of a substrate 
after a conductive pattern is formed thereon, Fig. 5 is a plane view of a 
substrate after a glass film and a coating film are formed thereon, Fig. 6 
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shows a layout of through holes in a substrate as viewed from the reverse 
surface, Fig. 7 is a model perspective view showing a part of conductive 
pattern used to describe the state before sand blasting treatment, Fig. 8 is 
a model perspective view showing a part of conductive pattern used to 
5 describe the state after sand blasting treatment, Fig. 9 is a cross sectional 
view of the conductive pattern shown in Fig. 8, Fig. 10 and Fig. 11 are 
cross sectional views showing a roughened surface of coating film after 
sand blasting treatment, Fig. 12 and Fig. 13 are cross sectional views 
showing a roughened surface of substrate after sand blasting treatment, 
10 Fig. 14 is a process flow chart, Fig. 15 and Fig. 16 are plane views used to 
describe a process of surface roughening treatment, Fig. 17 is a side view 
used to describe a process of surface roughening treatment, Fig. 18 is a 
model drawing which describes an ultrasonic cleaning process. 

15 DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

An invented electronic component unit comprises a substrate 
having a conductive pattern formed on at least one of the surfaces, and an 
electronic component mounted on the surface of the substrate on which 
surface the conductive pattern has been formed; in which, the electronic 

20 component is disposed with the electrode facing to the substrate, the 
surface of connecting area of conductive pattern facing the electrode is 
roughened, and the electrode of electronic component is connected to the 
surface of roughened area by means of an electroconductive adhesive. 

An electronic component unit in accordance with an 

25 embodiment of the present invention contains a semiconductor integrated 
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circuit (hereinafter referred to as IC) for the electronic component. The 
dimensions of an electrode protruding underneath an IC are very small, 
but the contact area has been enlarged and the anchoring effect of an 
electroconductive adhesive has been enhanced as a result of the 
5 roughening of the contact surface. Therefore, the protruding electrodes 
of IC are firmly connected to the surface of connecting area. 
Furthermore, the roughened surface of connecting area contributes to 
prevent the protruding electrode from making a sidewise sliding on the 
connecting surface during mounting operation of an IC. This also 

10 contributes to an increased reliability of IC mounting. As to the degree 
of surface roughness, it is preferred that depth of the valley (a distance 
between a bottom of the valley and a top thereof) is not greater than 15 
U m, because of relation to the electroconductive adhesive. 

In an invented electronic component unit, it is preferred that 

15 the conductive pattern is formed by a thick film printing process and the 
connecting surface is roughened by means of a sand blasting treatment. 
In the sand blasting treatment, it is easy to have a surface roughened to 
any desired surface condition through the control of material, grain size, 
etc. of abrasive and speed of colliding against the conductive pattern. 

20 There may be no risk of having a breakage in the connecting surface 
inviting a reduction of connecting area, because the conductive pattern 
has been formed through a thick film printing process. Contrary, even if 
there is an extruding portion in a part, in the central portion for example, 
of the connecting area of conductive pattern, it may be flattened by the 

25 sand blasting treatment and the entire area may be made substantially 
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flat. This eventually makes it easy to connect an electrode of electronic 
component to the connecting area. It is also preferred to form the 
connecting area by thick film printing so that the outer circumference is 
expanding outward. By so doing, the surface of connecting area becomes 
5 larger and the strength of connection by means of electroconductive 
adhesive may be made still higher. 

It is preferred that the conductive pattern is formed by a thick 
film printing process, and its surface of connecting area is roughened by 
means of dry etching process. In the dry etching process, the connecting 

10 surface may be roughened to any desired state through control of the 
power of electric output. 

It is preferred that the surface excluding the connecting area 
of conductive pattern is covered by a glass film having roughened surface. 
When a substrate is covered by a glass film in the surface excluding the 

15 connecting area, a conductive pattern may be held firmly to the substrate 
and would not peel off easily. The glass film also contributes to prevent 
the short-circuiting between adjacent conductive patterns. Furthermore, 
when a substrate which is mounted with an electronic component is 
covered with a sealing resin, the sealing resin may proceed along the 

20 roughened portion of the glass film to play an anchoring role for an 
increased sealing strength of the resin. The resin permeates into also 
underneath the electronic component through a capillary channel 
provided by the roughened surface of glass film. The resin functions also 
as an adhesive to connect the electronic component with the substrate. 

25 Thus the connecting strength is further enhanced. 
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It is also preferred that a mark for position sensing having a 
roughened surface is provided on the substrate in an area void of glass 
film. When a position sensing by means of an optical procedure is 
introduced, the accuracy of position sensing may be increased because the 
5 reflection at the surface of position mark is lessened by the roughened 
surface. 

It is preferred that a connecting electrode is provided on the 
reverse surface, the surface on which no conductive pattern exists, of a 
substrate and the connecting electrode is electrically coupled via a 

10 through hole provided in the substrate with a conductive pattern formed 
on the front surface of the substrate. With a substrate of the above 
construction, it is easy to mount it on and connect it with other substrate 
of larger size or such other substance, because of the connecting electrode 
which is disposed on a reverse surface of substrate, a surface free of any 

15 electronic component. Namely, because the front surface is mounted 
with electronic components there is a limitation in securing an 
appropriate space for the connecting electrode on a front surface; whereas 
it is easier to provide a connecting electrode on the reverse surface at, for 
example, the circumferential portion where connecting operation may be 

20 made easily. Further, provision of a glass film on the reverse surface 
covering an area other than the connecting electrode is effective for 
preventing a substrate from causing a thermal deformation. This 
facilitates the easy connection with said other substrate of larger size. 

It is preferred that the surface of a substrate is roughened in 

25 an area not covered by a conductive pattern. When applying a glass film 
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or a sealing resin on a surface excluding the connecting area of conductive 
pattern, the strength of adhesion to the substrate is enhanced by the 
roughened surface. The roughening treatments on the substrate surface 
and the connecting area of conductive pattern may be performed 
5 simultaneously by a single operation of roughening treatment. Thus a 
separate operation for the roughening treatment may be eliminated to an 
improved operational efficiency. 
jaH . It is preferred that a gap between an electronic component and 

3*f a substrate is filled with a sealing resin. The electronic component may 

10 be held firmer to the substrate with the sealing resin. Moreover, the 
:K anchoring effect of sealing resin may be enhanced by the roughened 

'~ ' surface of substrate to a higher adhesive strength. 

It is preferred that the surface of outer circumferential area of 
jj| a substrate is roughened by means of sand blasting treatment. The 

m 15 roughening treatment eliminates cracks staying at the outer 
circumferential surface of a substrate; as a result, the occurrence of 
broken substrate during subsequent manufacturing process steps may be 
suppressed. Namely, a substrate is provided out of a large-size substrate 
having splitting grooves formed thereon, which substrate is split into 
20 pieces of a substrate. Each of the split substrate mostly bears cracks in 
the outer circumferential surface. The crack is liable to induce a broken 
substrate in subsequent manufacturing steps. The removal of cracks by 
means of sand blasting treatment is effective to curtail the occurrence of 
broken substrate. 

25 An invented electronic assembly comprises said electronic 
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component unit consisted of an electronic component mounted on a first 
substrate, which unit being mounted on a second substrate. As the 
electronic assembly employs an electronic component unit in which an 
electronic component has been mounted firmly on the first substrate in 
5 accordance with the present invention, a significantly high reliability 
may be expected with such electronic assembly. In a case where the 
electronic component to be mounted in the unit is a functional circuit 
consisted of hybrid electronic components including an IC, the functional 
circuit may be realized in a small volume, which contributes to making an 

10 electronic assembly even smaller. 

The invented method for manufacturing an electronic 
component unit comprises the steps of forming a conductive pattern on at 
least one of the surfaces of a substrate, roughening at least the surface 
connecting area of the conductive pattern, and connecting the roughened 

15 surface and an electrode of electronic component by means of 
electroconductive adhesive. 

According to an embodiment of the invented manufacturing 
method for an electronic component unit, a conductive pattern is first 
formed, the conductive pattern is tested in the conductivity by having a 

20 contact with an electroconductive rubber piece for conduction test at the 
surface of a contacting area of the conductive pattern, and then the 
surface of contacting area is roughened. By the roughening treatment 
applied on the connecting area, residual particles of the electroconductive 
rubber piece left on the surface of connecting area after the conductivity 

25 test are removed. Therefore, an electrode may be connected with the 
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connecting area in good electrical and mechanical conditions. 

In an invented manufacturing method for an electronic 
component unit, it is preferred that a conductive pattern is formed 
through a thick film printing process, and the surface of connecting area 
5 of the conductive pattern is roughened by means of sand blasting 
treatment. With the sand blasting treatment, control on the grade of 
surface roughening is easy, and any desired rough surface may be 
provided. The surface of connecting area may also be roughened by 
means of dry etching treatment. In this treatment, a desired rough 

10 surface may be obtained through an appropriate output control. 

It is preferred to provide a process for covering a surface with a 
glass film excluding the connecting area, and to roughen the surface of 
glass film at a same process step for roughening the connecting area. It 
is also preferred that the substrate surface bearing a conductive pattern 

15 is roughened in a same process step for roughening the connecting area. 
It is also preferred that a mark for location detection is formed on the 
surface of a substrate in a same process step for forming a conductive 
pattern, and the surface of the mark for location detection is roughened in 
a same process step for roughening the connecting area. The operational 

20 efficiency may be increased by performing the roughening treatment on 
any desired surface in a same process step for roughening the surface of 
connecting area. 

It is preferred that, after electrode of an electronic component 
is connected to the connecting area of conductive pattern, the gap 

25 between the electronic component and the substrate is filled with a 
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sealing resin. As the surface of substrate has been roughened, the 
electronic component may be fixed firmer on the substrate by sealing 
resin. 

It is preferred that the outer circumferential surface of a 
5 substrate is roughened in a same process step for roughening the surface 
of connecting area. By the roughening treatment on the outer 
circumferential surface, occurrence of cracks at the outer circumferential 
portion of a substrate may be curtailed. 

In an invented manufacturing method, an individual substrate 
10 may be obtained out of a larger-sized substrate having grooves for 
separation thereon, by separating it along the grooves. The above 
procedure provides a plurality of substrates easily. 

In roughening the surface, it is preferred to dispose a plurality 
of substrates on a plate in a straight line arrangement making a sort of 
15 substrates cluster, and then to blast abrasives from a nozzle against the 
substrates after regulating the position of the substrates cluster at both 
ends in the length direction with a guide member. By so doing, a 
plurality of substrates can be roughened in the surface at one time. 

In the roughening treatment, it is also preferred that a 
20 substrate is stuck on a plate with a tape, and then the substrate is blasted 
with abrasives coming from a nozzle. In the above method, a substrate 
stuck on the plate is not swayed by the abrasive blasted from a nozzle; as 
a result, the portion of substrate connecting with a conductive pattern as 
well as the outer circumferential surface of substrate can be surely 
25 roughened. If the width of the tape is made to be smaller than that of 
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the substrate, the outer circumferential portion of a substrate is left as a 
surface free from sticking on the plate; in this state, the outer 
circumferential portion may be roughened in an easier manner by the 
abrasives blasted from a nozzle. After the roughening treatment is 
finished, the substrate may be peeled off the plate easily from the portion 
free from the sticking. Further, a plurality of substrates may be stuck on 
a tape having a certain length providing a certain clearance between each 
other; by so doing, a plurality of substrates may be roughened at one time 
to an improved operating efficiency. By virtue of the clearance provided 
between the substrates, each of the substrates may be roughened surely 
at the circumferential portion. 

Also preferred is to use a tape whose outer diameter is smaller 
than that of a substrate, in sticking a substrate on a plate for the 
roughening treatment. By so doing, the entire outer circumferential 
portion of a substrate is left as the surface free from sticking. Thus the 
entire outer circumferential portion of a substrate may be roughened with 
ease by abrasives blasted from a nozzle. 

It is preferred that a plurality of substrates are disposed on a 
plate with a certain clearance between each other, and the substrates are 
roughened by blasting abrasives thereon from a nozzle. By moving the 
nozzle in a sweep action, each of the substrates may be roughened 
substantially even. Furthermore, as a sufficient amount of abrasives is 
blasted from a nozzle to each of the substrates according to the present 
method, a conductive pattern formed in an unstable state may be blasted 
away during the roughening treatment. This means the prevention of a 
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possible rejection that might arise in a subsequent process step. In the 
present method, it is also preferred that a nozzle sweeps in a rectangular 
wave form. By so doing, a small nozzle can perform a more even 
roughening treatment on substrates. By sweeping a nozzle for plural 
times, the roughening treatment on substrates may become sufficient and 
more even. It is also preferred that a nozzle takes in a second sweep a 
track that is different from that in a first sweep. By so doing, the surface 
of substrates disposed on a plate may be roughened more homogeneously 
even if the pattern of abrasives blasted from a nozzle was not uniform. 

In the surface roughening treatment by means of nozzle 
sweeping, it is preferred that a nozzle sweeps in both ways after a 
rectangular waveform. By making a nozzle sweep in both ways, a 
plurality of substrates disposed on a plate may be roughened more 
homogeneously with a small nozzle. Further, by making a nozzle sweep 
after different tracks respectively in going and returning, the substrates 
may be roughened more homogeneously even if the pattern of abrasives 
blasted from a nozzle was not uniform. 

In a roughening treatment using a nozzle, it is also preferred 
to employ a nozzle whose width of opening is larger than the width of 
substrate. Because of the nozzle width larger than the substrate width, 
the entire surface of substrate may be roughened with one operation 
providing a homogeneous rough surface. It is also preferred that after a 
plate is swept by a nozzle the plate is rotated to be swept once again by 
the nozzle. By so doing, the state of roughened surface resembles to that 
roughened by sweepings conducted in different directions. This helps 
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make the roughened surface more homogeneous. When the rotation 
angle of plate is set at approximately 90 degrees, the surface of each 
substrate attached on a plate is roughened from two different directions 
perpendicular to each other. This helps make the roughened surface 
5 more homogeneous. 

In a roughening treatment using a nozzle, it is also preferred 
to first blast abrasives of larger grain size and then blast abrasives of 
smaller grain size for roughening the substrate surface. The blasting of 
abrasives of larger grain size wildly roughens the surface of a substrate, 

10 and an imperfect conductive pattern, if there is, may be broken to the 
prevention of rejects that might arise in a subsequent process step. And 
then, as the wildly roughened surface is re-treated with abrasives of 
smaller grain size, there is no difficulty in mounting an electronic 
component on the substrate. 

15 In a roughening treatment using a nozzle, it is also preferred 

to reverse the plate upside down so as the substrate is disposed on the 
lower surface of the plate, blasting abrasives upward against the 
substrate from a nozzle provided underneath. The abrasives and chip 
dusts fall downward and it is difficult for to stay on the surface of 

20 substrate after the roughening treatment. The occurrence of troubles in 
the connection between electrode of an electronic component and the 
surface of connecting area due to such residuals staying in the surface 
may be curtailed. Volume of the residuals, if there is, may be very small; 
which means that only a simple treatment might be required in the 

25 subsequent stages for removal of such residuals. 
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In a roughening treatment using a nozzle, it is also preferred 
to blow a gas to the surface of substrate roughened by the blasting of 
abrasives. By so doing, the abrasives and chip dusts staying on a 
substrate may be blown away, and the occurrence of connection trouble 
5 due to such residuals may be curtailed. 

In a surface roughening treatment of a substrate, it is 
preferred to clean a roughened substrate by means of ultrasonic cleaning 
in a liquid containing no oxygen. As the ultrasonic cleaning removes 
abrasives and chip dusts from the substrate the connection troubles due 

10 to residuals may be prevented. As the liquid used contains no oxygen the 
ultrasonic cleaning does not cause any connection trouble due to 
oxidization of connecting surface. Alcohol is preferred for the liquid of 
ultrasonic cleaning. Alcohol is advantageous in that it does not oxidize 
the surface of connecting area of conductive pattern, and it easily dries up 

15 after cleaning. 

In an ultrasonic cleaning process, it is preferred to house a 
plurality of substrates in a container in the upright position and immerse 
the substrates altogether in the container into liquid. By so doing, a 
plurality of substrates can be cleaned at once, and is efficiently cleaned 

20 because they are standing upright and the abrasives and chip dusts fall 
beneath the level of substrate. It is also preferred to provide an 
individual space in the container for housing each of the substrates, 
allowing each substrate to flutter freely within the space. By so doing, 
substrate flutters during ultrasonic cleaning and an improved cleaning 

25 effect may be obtained. 
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In an ultrasonic cleaning process, it is preferred to blow 
substrates, after being pulled out of liquid, with a gas containing least 
oxygen. By the gas blowing, the substrate dries quickly, and the 
abrasives and chip dusts returned onto the surface of substrate may be 
5 removed effectively. The connection trouble due to oxidation of 
connecting surface may not be induced as the gas contains least oxygen. 
Further, it is preferred that substrates after gas blowing are stored in an 
ambient free from the atmospheric air. By so doing, the connecting area 
of conductive pattern may be prevented from getting oxidized, which 
10 contributes to eliminating the rejects due to poor connection with 
electrode of an electronic component that might arise in a subsequent 
process step. 

Now in the following, a preferred exemplary embodiment of the 
present invention is described with reference to the drawings. 

15 An electronic component unit as shown in Fig. 1 to Fig. 3 is 

manufactured through the following process steps. In the first place, a 
substrate 1 made of alumina sheet is provided, in which sheet a plurality 
of through holes 2 has been disposed, as shown in Fig. 4 and Fig. 6. The 
through holes 2 are filled with an electroconductive material 3, such as 

20 AgPd, as shown in Fig. 3 (Process step A of Fig. 14). 

On a front surface of substrate 1, a line shape conductive 
pattern 4 (Fig. 3, Fig. 4) which is connected with the electroconductive 
material 3, and on a reverse surface a round shape conductive pattern 4 
(Fig. 3) connected with the electroconductive material 3, respectively, are 

25 formed by a thick film printing process (Process step B of Fig. 4). The 
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conductive pattern 4 is comprised of an AgPd paste or an Ag paste. In 
the process step at which the conductive pattern 4 is formed, a mark 9 for 
location detection is also printed at two places on a diagonal of the 
substrate 1. And then, the conductive pattern 4 is baked (Process step C 
of Fig. 14). 

On the front surface of circumferential area of substrate 1, an 
insulating glass film 5 (Fig. 3, Fig. 5) is printed in a frame shape, and an 
insulating glass film 5 of square shape in the inner part (Fig. 5); on the 
reverse surface of substrate 1, an insulating glass film 5 (Fig. 3) is printed 
over substantially the whole surface excluding the conductive pattern 4 
(Process step D of Fig. 14). The insulating glass film 5 is comprised of a 
crystallized glass. The insulating glass film 5 thus formed is effective to 
avoid the humidity sneaking into substrate 1, and the occurrence of 
migration with the conductive pattern 4 is also suppressed. The 
insulating glass film 5 is baked at a temperature 850 °C (Process step E of 
Fig. 14). 

In order to further increase the anti-humidity property a 
coating film 6 (Fig. 1 - Fig. 3, Fig. 5) comprised of an amorphous glass is 
formed by means of printing process (Process step F of Fig. 14). The 
coating film 6 is baked at a temperature 600 °C (Process step G of Fig. 14). 
Through the above described process steps, a substrate 1 is provided, on 
which surface the connecting areas 4a of conductive pattern 4 are exposed 
intermittently in a frame shape region. 

An electroconductive rubber piece (not shown) is pressed to the 
front surface of substrate 1, and a conductivity test electrode (not shown) 
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is placed to touch on the round conductive pattern 4 formed on the rear 
surface of the substrate 1, for performing a conductivity test (Process step 
H of Fig. 14). As shown in Fig. 5, a plurality of connecting areas 4a for 
connection with electrodes of an electronic component is disposed in the 
5 proximity with a small clearance to each other over the front surface of 
substrate 1. It is quite difficult to make each of the contacting areas 4a 
touch with a conductivity test electrode. Therefore, all the. contacting 
areas 4a are short-circuited by pressing an electroconductive rubber piece 
on the surface. 

10 On the reverse surface, a round conductive pattern 4 coupled 

with the connecting area 4a via electroconductive material 3 is provided 
as shown in Fig. 3. The round conductive patterns 4 are placed scattered 
over the substrate 1, as shown in Fig. 6, with sufficient distance from 
adjacent ones. So, a conductivity test electrode may easily come into 

15 contact with the conductive pattern. The conductivity between the 
connecting area 4a on the front surface and the round conductive pattern 
4 on the reverse surface may be tested by confirming the conductivity 
between two conductive patterns on the reverse surface. As soon as the 
conductivity test is finished, the electroconductive rubber piece provided 

20 on the front surface of substrate 1 and the conductivity test electrode 
placed on the reverse surface are removed. 

Then, the front surface of substrate 1 undergoes a sand 
blasting treatment with SiC powder of 5 - 7/zm grain diameter (Process 
step I of Fig. 14). This treatment is effective with respect to the 

25 following function. Namely, a small portion of the electroconductive 
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rubber piece which was pressed to the connecting area 4a, on which 
surface a protruding electrode 7a of IC 7 is to be connected in a 
subsequent process step, at the conductivity test inevitably remains 
sticking on the connecting area 4a. As the small portion sticking on the 
connecting area is hardly elctroconductive, a conductivity trouble may 
arise between the surface of connecting area 4a and the protruding 
electrode 7a when IC 7 is mounted the substrate. This is the reason why 
the sticking portion has to be removed. The conductive pattern 4 before 
sand blasting treatment, as shown in Fig. 7, is roughened in the surface 
by the sand blasting to a state as shown in Fig. 8 and Fig. 9. When, the 
portion sticking on the surface of connecting area 4a is removed; as a 
result, the conductivity trouble between said connecting area 4a and 
protruding electrode 7a may be eliminated. 

The surface roughening treatment is effective also to enhance 
the connecting strength between connecting area 4a and IC 7. Although 
the dimensions of protruding electrode 7a locating under IC 7 is quite 
small, the surface roughening treatment applied on the corresponding 
connecting area 4a of conductive pattern 4 brings about an increased 
connecting surface area and an enhanced anchoring effect by the 
electroconductive adhesive 8. By virtue of the above factors, the 
protruding electrode 7a is connected firmly with the connecting area 4a. 
Furthermore, the roughened surface of connecting area 4a contributes to 
prevent the protruding electrode 7a from moving sidewise on the 
connecting surface 4a during mounting operation of IC 7. Thus the 
reliability in mounting is also improved. 
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As to the degree of surface roughness, it is preferred that depth 
of the valley (a distance between a bottom of the valley and a top thereof) 
is not greater than 15 u m. The preferable thickness of the 
electroconductive adhesive 8 is approximately 15 ji m. If the depth of the 
valley is greater than 15 um, the electroconductive adhesive 8 may be 
mostly absorbed in the valley when volume of the adhesive 8 is small. 
This might cause an insufficient connecting strength between the 
protruding electrode 7a and the connecting area 4a. 

The conductive pattern 4 of the present exemplary 
embodiment has been formed by a thick film printing process. Therefore, 
it is easy to have the surface of connecting area 4a roughened to any 
desired surface condition through the control of material, grain size, etc. 
of abrasive and the speed of colliding against the surface of conductive 
pattern 4 during sand blasting treatment. There may be no risk of 
having a breakage in the connecting area 4a inviting a reduction of 
connecting surface area; contrary, even if a part of the connecting area 4a, 
for example, its central portion, had been formed protruded during the 
printing the sand blasting pushes the protrusion down to make the entire 
area substantially flat, as shown in Fig. 9. This eventually facilitates 
the connection of the protruding electrode 7a of IC 7 to the connecting 
area 4a. If the sand blasting is further continued after the area is 
flattened, the outer circumference of the connecting area 4a stretches 
outward. This means an increased surface area of the connecting area 
4a, and the increase may enhance the connecting strength with the 
protruding electrode 7a by means of electroconductive adhesive 8. 
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For the purpose of simply roughening the surface of connecting 
area 4a formed by a thick film printing process, a dry etching process may 
be employed. 

When the sand blasting treatment is used, the exposed surface 
of conductive pattern 4, the surface of coating film 6, the exposed surface 
of substrate 1 on which the connecting area 4a is disposed, and the 
surface of a mark 9 for location detection formed at a same process step 
for forming the conductive pattern 4, shown in Fig. 3 and Fig. 5, may be 
roughened too ? in addition to the surface of connecting area 4a. In a case 
where the detection of location of substrate 1 is made by an optical system 
when mounting an IC 7, the roughened surface of mark 9 reflects less 
light, which contributes to an increased accuracy of location sensing. 
Thus the IC 7 may be rightly mounted on substrate 1. 

IC 7 is mounted on the substrate by first printing the 
electroconductive adhesive 8 on the surface of connecting area 4a, and 
then bringing the protruding electrode 7a to make contact with the 
surface of connecting area 4a (Process step J of Fig. 14). The 
electroconductive adhesive 8 is then dried at a temperature 50 - 120 °C 
(Process step K of Fig. 14). 

And then, a sealing resin 10 (Fig. 3) is injected between the 
substrate 1 and the IC 7 (Process step L of Fig. 14). The sealing resin 10 
is cured at a temperature 120 - 150 °C (Process step M of Fig. 14). The 
surface of coating film 6 (Fig. 5) locating underneath the IC 7 has already 
been roughened by sand blasting treatment, as shown in Fig. 10 and Fig. 
11, when the sealing resin 10 is injected. The roughened surface 
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provides a sort of capillary to help the sealing resin 10 go into a gap 
between IC 7 and substrate 1. The interlocating sealing resin 10 plays a 
role of anchoring the IC 7 firmly onto the roughened surface of coating 
film 6, in the succeeding step of curing. The circumferential area of 
5 substrate 1 outside the IC 7 has also been roughened by sand blasting 
treatment, as shown in Fig. 12 and Fig. 13; therefore, the adhesion 
strength of sealing resin 10 with the circumferential area is also 
increased by the anchoring effect. 

After mounting of IC 7 and sealing with sealing resin 10 are 

10 finished, the surface of round conductive pattern 4 formed on the reverse 
surface of substrate 1 is coated with a solder 11 as shown in Fig. 3 
(Process step N of Fig. 14). Finally, inspection of an electronic 
component unit is conducted by having an inspection probe (not shown) to 
make contact with the solder 11 (Process step O of Fig. 14). 

15 The sand blasting treatment is described more in detail in the 

following with reference to Fig. 15 and Fig. 16. In the first place, a 
plurality of substrates 1 is stuck on a plate 12 made of a metal or a 
ceramic using a double-faced adhesive tape 13 of a certain length as 
shown in Fig. 15, and then the roughening treatment is performed by 

20 blasting the abrasives along a direction of the length direction of tape 13 
from a nozzle 14 against the substrates 1, as shown in Fig. 16. The 
substrates 1 stuck on the plate 12 are not swayed by the abrasives blasted 
from nozzle 14; therefore, the surface of connecting area 4a of a 
conductive pattern 14 on the substrate 1 and the surface of outer 

25 circumferential area of the substrate 1 may be surely roughened. 
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Each of the substrates 1 shown in Fig. 15 and Fig. 16 has been 
provided out of a large-size substrate having splitting grooves formed 
thereon, which substrate is split along the grooves into pieces of 
individual substrate 1. A number of substrates 1 may be easily available 
5 in this way from a large-size substrate. However, a substrate 1 
manufactured through the above procedure often bears a crack in the 
outer circumferential portion, which crack having been generated at the 
time when it was separated from the large-size substrate. The crack in 
the circumferential portion is liable to grow into a broken substrate 1 in 

10 the subsequent manufacturing steps. In the present exemplary 
embodiment, the crack is removed in advance by blasting abrasives from 
nozzle 14 to prevent occurrence of the broken substrate 1. The operating 
efficiency has been raised by performing the roughening treatments on 
the outer circumferential surface of substrate 1 and on the surface of 

15 connecting area 4a at a same time, in the present exemplary embodiment. 

The nozzle 14 sweeps over the plate 12 after a rectangular 
waveform, as shown in Fig. 16. The sweeping motion enables a small 
nozzle 14 to perform a substantially homogeneous roughening treatment 
on the plurality of substrates 1 disposed on plate 12. By making the 

20 nozzle 14 sweep go and return for plural times the surface roughening 
may be applied more homogeneously on the substrates. If the nozzle 14 
is made to take in a second sweep a track that is different from that in a 
first sweep, the surface of plurality of substrates 1 disposed on plate 12 
may be roughened sufficiently homogeneous even if the pattern of 

25 abrasives blasted from nozzle 14 was not uniform. 
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As the width of double-faced adhesive tape 13 is smaller than 
that of each substrate 1, as shown in Fig. 15, a pair of sides la, among the 
total sides, of substrate 1 remains as the surface free of sticking. 
Therefore, the portion of the pair of sides la may easily be roughened by 
the abrasives blasted from nozzle 14. After the roughening treatment is 
over, the substrate 1 may be peeled off the plate 12 easily from the portion 
free of sticking. Although in Fig. 15 it appears as if substrate 1 in the 
first column and that in the second column, substrate 1 in the second 
column and that in the third column, and substrate 1 in the third column 
and that in the fourth column, are respectively disposed side by side 
making contact to each other at the side la; actually, however, a certain 
gap is provided between each of the adjacent sides la that is sufficient to 
allow the abrasives blasted from nozzle 14 going through. Therefore, the 
side la of substrate 1 at each column may receive the roughening 
treatment sufficiently. If the other pair of sides lb of substrate 1 are 
also to be roughened efficiently, the plurality of substrates 1 may be 
disposed on the double-faced adhesive tape 13 providing a certain specific 
clearance between the substrates in the length direction of the tape. 
Through the clearance provided between the sides lb of adjacent 
substrates 1, enough abrasives blasted from nozzle 14 can reach the 
portion of side lb for conducting a sufficient roughening treatment. 

Even when the substrates 1 are disposed with a certain 
clearance provided between the adjacent ones at both the side la and the 
side lb, the roughening treatment at the side lb may remain insufficient 
because the middle part of side lb is stuck on plate 12 with the double- 
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faced adhesive tape 13. In order to avoid the above insufficiency of 
roughening treatment, each of the substrates 1 may be stuck on plate 12 
with a tape 13 of reduced size whose outer diameter is smaller than that 
of individual substrate 1. By so doing, the entire outer circumferential 
5 portion (side la and side lb) of a substrate 1 is left as the surface that is 
free of sticking, and the entire outer circumferential portion of each 
substrate 1 may receive the roughening treatment with ease by abrasives 
blasted from nozzle 14. 

Now in the following, other preferred methods for roughening 

10 the surface of a substrate are described. One of the methods is to rotate 
the plate 12 for approximately 90 degrees after the plate 12 is swept once 
by the nozzle 14, and then the plate 12 is swept again by the nozzle 14. 
By so doing, the state of roughened surface of substrate 1 becomes 
resembled to that roughened by nozzle from both one direction (for 

15 example, X direction) and the other direction (Y direction). In this way a 
surface may be roughened more homogeneously. 

It is also preferred to employ a nozzle 14 whose width of 
opening is larger than the width of substrate 1. Each of the substrates 1 
may be roughened at each time for the entire surface. Thus a more 

20 homogeneous roughened surface may be obtained. 

It is also preferred to first blast abrasives of larger grain size 
on substrate 1 from nozzle 14, and then blast abrasives of smaller grain 
size in the roughening treatment. The blasting of larger grain-size 
abrasives may roughen the surface of substrate 1 wildly, and break an 

25 imperfect conductive pattern 4 in advance for the prevention of possible 
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rejects that might arise in the subsequent process steps. And the re- 
treatment with the smaller grain-size abrasives eliminates any difficulty 
in mounting an electronic component on substrate 1. 

So far, the descriptions have been made based on the methods 
5 where the substrates 1 are stuck on a plate 12 by means of double-faced 
adhesive tape 13. However, the substrates 1 may also be fixed on a plate 
12 by disposing a plurality of substrates 1 on a plate 12 in a straight line 
arrangement providing a sort ofsubstrates cluster, and then abrasives 
from nozzle 14 may be blasted against the substrates 1 after regulating 

10 the positioning of the substrates cluster at both ends in the length 
direction with a guide member. By so doing, the surface of a plurality of 
substrates may receive the roughening treatment at one time. 

The abrasives may be blasted from under the substrate 1 by 
nozzle 14, as shown in Fig. 17. Namely, the plate 12 is reversed upside 

15 down so as the substrate 1 comes under the plate 12, and the nozzle 14 
located under the substrate 1 blasts abrasives upward against the 
substrate 1. The abrasives and chip dusts of roughening fall downward, 
so it may be difficult for them to stay on the surface of substrate 1. As a 
result, occurrence of the connection rejects due to residuals staying 

20 between connecting area 4a and protruding electrode 7a may be 
suppressed. 

It is preferred that the surface of substrate 1, after being 
roughened by abrasives blasted from nozzle 14, is blown with a gas 
containing least oxygen. As the abrasives and chip dusts remaining 
25 after the roughening treatment are blown away from the substrate 1 by 
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the gas, the occurrence of connection trouble between connecting area 4a 
and protruding electrode 7a due to such residuals may be suppressed. 

After the surface of substrate 1 is roughened by sand blasting 
treatment, it is preferred to clean the substrate 1 by means of ultrasonic 
5 cleaning, as shown in Fig. 18. Provided at the bottom of a liquid vessel 
15 is an ultrasonic oscillation element 16. Inside the liquid vessel 15, a 
container 17 made of wire frame is provided and a substrate 1 is placed 
flutterable in an individual storage sector 17a of the container 17. The 
vessel 15 is filled with a liquid containing no oxygen, for example, alcohol. 

10 By the ultrasonic cleaning the abrasives and chip dusts are removed from 
the surface of substrate 1. Further, as the ultrasonic cleaning is 
performed with a liquid containing no oxygen, the surface of connecting 
area 4a of conductive pattern 4 is least oxidized, which contributes to 
suppress the occurrence of connection trouble between the connecting 

15 area 4a and the protruding electrode 7a of IC 7 due to surface oxidation. 
When alcohol is used for the liquid, drying treatments after cleaning are 
easy because of its high volatility. 

By performing the ultrasonic cleaning with a plurality of 
substrates 1 disposed in the upright position in a container 17, as shown 

20 in Fig. 18, a number of substrates 1 may be cleaned at once. As a 
substrate 1 is disposed standing upright the abrasives and chip dusts fall 
under the substrate 1, and a high cleaning effect is obtainable. As a 
substrate 1 is disposed flutterable in the individual storage sector 17a of 
container 17, the substrate 1 flutters during ultrasonic cleaning 

25 procedure to yield a still higher cleaning effect. 
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It is preferred to blow a substrate 1, after being cleaned, with a 
gas containing least oxygen. By the gas blowing, substrate 1 dries up 
quickly, and oxidation of the surface of connecting area 4a is suppressed. 
Further, it is preferred that substrates 1 after drying are stored in an 
5 ambient free from the atmospheric air. By so doing, the surface of 
connecting area 4a under the storage may be prevented from getting 
materially oxidized. This contributes to eliminate a connection trouble 
with the protruding electrode 7a of IC 7 that might occur in a subsequent 
m process step. 

is' 10 Although the present invention has been described in terms of 

;tj the presently preferred embodiments, it is to be understood that such 

7 disclosure is not to be interpreted as limiting. Various alterations and 

L modifications will no doubt become apparent; for example, a circuit 

component comprised of a hybrid integrated circuit containing a 
g 15 semiconductor IC may be mounted, as the electronic component, on an 
invented electronic component unit, in place of a semiconductor IC 
exemplified for the electronic component in the above embodiments. 
Accordingly, it is intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within the true spirit 
20 and scope of the invention. 
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What is claimed is: 

1. An electronic component unit comprising: 

a substrate having a conductive pattern formed on a surface of 
said substrate; and 
5 an electronic component mounted on said surface, 

wherein said electronic component is provided with an 
electrode disposed facing to said substrate, a surface of a connecting area 
of said conductive pattern facing to said electrode is roughened, and 
said electrode is connected to said surface of a connecting area with an 
10 electroconductive adhesive. 

2. The electronic component unit of claim 1, wherein said 
electronic component is a semiconductor integrated circuit, and said 
electrode is a protruding electrode. 

3. The electronic component unit of claim 2, wherein said 
15 conductive pattern is formed of a thick-film printed pattern, and said 

surface of a connecting area is roughened by means of a sand blasting 
treatment. 

4. The electronic component unit of claim 3, wherein an outer 
circumference of said surface of a connecting area is expanding outward. 

20 5. The electronic component unit of claim 2, wherein said 

conductive pattern is formed of a thick-film printed pattern, and said 
surface of a connecting area is roughened by means of a dry etching 
treatment. 

6. The electronic component unit of claim 3, wherein the surface 
25 other than said connecting area is covered with a glass film, a surface of 
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said glass film is roughened. 

7. The electronic component unit of claim 6, wherein a mark for 
location detection is provided on said substrate in an area void of said 
glass film, a surface of said mark for location detection being roughened. 
5 8. The electronic component unit of claim 6, wherein a connecting 

electrode is provided on a surface of said substrate different from said 
surface on which said conductive pattern is formed, said connecting 
electrode is coupled with said conductive pattern by means of a through 
hole provided in said substrate, and the whole area of said surface 
10 providing said connecting electrode excluding said connecting electrode is 
covered with a glass film. 

9. The electronic component unit of claim 2, wherein the whole 
surface of said substrate not covered with said conductive pattern is 
roughened. 

15 10. The electronic component unit of claim 9, wherein a gap 

between said electronic component and said substrate is sealed by a 
sealing resin. 

11. The electronic component unit of claim 2, wherein an outer 
circumferential surface of said substrate is roughened by means of a sand 

20 blasting treatment. 

12. An electronic assembly comprising: 

an electronic component unit comprising a first substrate 
having a conductive pattern formed on a surface of said first substrate, 
and an electronic component mounted on said surface; and 
25 a second substrate mounting said electronic component unit, 
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wherein said electronic component is provided with an 
electrode disposed facing to said first substrate, a surface of a connecting 
area of said conductive pattern facing to said electrode is roughened, and 
said electrode is connected to said surface of a connecting area with an 
5 electroconductive adhesive. 

13. A method of manufacturing an electronic component unit 
comprising the steps of: 

forming a conductive pattern on a surface of a substrate; 
roughening a surface of a connecting area of said conductive 
10 pattern; and 

connecting an electrode of an electronic component to said 
surface of a connecting area with an electroconductive adhesive. 

14. The method of manufacturing an electronic component unit 
recited in claim 13, further comprising a step of testing the conductivity 

15 of said conductive pattern by pressing an electroconductive rubber piece 
for conductivity test to make contact with said surface of a connecting 
area, said step of testing the conductivity being carried out prior to said 
step of roughening. 

15. The method of manufacturing an electronic component unit 
20 recited in claim 14, wherein said conductive pattern is formed by a 

printing process, and said surface of a connecting area is roughened by 
means of a sand blasting treatment. 

16. The method of manufacturing an electronic component unit 
recited in claim 13, wherein said conductive pattern is formed by a thick - 

25 film printing process, and said surface of a connecting area is roughened 
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by means of dry etching treatment. 

17. The method of manufacturing an electronic component unit 
recited in claim 15, further comprising a step of covering the surface other 
than said connecting area with a glass film, and a surface of said glass 

5 film is roughened in a same process step for roughening said surface of a 
connecting area. 

18. The method of manufacturing an electronic component unit 
recited in claim 15, wherein said surface on which said conductive pattern 
is formed is roughened in a same process step for roughening said surface 

10 of a connecting area. 

19. The method of manufacturing an electronic component unit 
recited in claim 15, wherein a mark for location detection is formed on a 
surface of said substrate, and a surface of said mark for location detection 
is roughened in a same process step for roughening said surface of a 

15 connecting area. 

20. The method of manufacturing an electronic component unit 
recited in claim 18, further comprising a step of injecting a sealing resin 
between said electronic component and said substrate after said step of 
connecting an electrode. 

20 21. The method of manufacturing an electronic component unit 

recited in claim 18, further comprising the steps of: 

covering said conductive pattern facing to a bottom surface of 
said electronic component with a glass film; 

roughening a surface of said glass film; and 
25 injecting a sealing resin between said electronic component 
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and said substrate after said step of roughening a surface of said glass 
film. 

22. The method of manufacturing an electronic component unit 
recited in claim 15, wherein an outer circumferential surface of said 
substrate is roughened in a same process step for roughening said 
connecting area. 

23. The method of manufacturing an electronic component unit 
recited in claim 22 ? wherein said substrate is provided out of a large-size 
substrate having a groove for separation by separating said large-size 
substrate along said groove. 

24. The method of manufacturing an electronic component unit 
recited in claim 23, wherein the step of roughening treatment is 
performed by first forming a sort of substrate cluster comprising a 
plurality of said substrates disposed in a straight line arrangement on a 
plate, and then blasting abrasives from a nozzle against said substrates 
after said sort of substrate cluster is regulated in the position at both 
ends in the length direction with a guide member. 

25. The method of manufacturing an electronic component unit 
recited in claim 23, wherein the step of roughening treatment is 
performed by first sticking said substrate on a plate with a tape, and then 
blasting abrasives from a nozzle against said substrate. 

26. The method of manufacturing an electronic component unit 
recited in claim 25, wherein the width of said tape is smaller than that of 
said substrate. 

27. The method of manufacturing an electronic component unit 
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recited in claim 26, wherein said tape has a predetermined length and a 
plurality of said substrates is stuck on said tape with a predetermined 
clearance in the length direction between each other. 

28. The method of manufacturing an electronic component unit 
5 recited in claim 25, wherein the outer diameter of said tape is smaller 

than that of said substrate. 

29. The method of manufacturing an electronic component unit 
recited in claim 25, wherein a plurality of said substrates is stuck with a 
predetermined clearance between each other and the roughening 

10 treatment is performed by sweeping a nozzle over said substrates. 

30. The method of manufacturing an electronic component unit 
recited in claim 29, wherein said nozzle sweeps over said plate in a 
rectangular wave form. 

31. The method of manufacturing an electronic component unit 
15 recited in claim 30, wherein said nozzle sweeps for plural times. 

32. The method of manufacturing an electronic component unit 
recited in claim 31, wherein said nozzle sweeps in a second sweep along a 
track that is different from that in a first sweep. 

33. The method of manufacturing an electronic component unit 
20 recited in claim 30, wherein said nozzle sweeps in a coming and going 

motion. 

34. The method of manufacturing an electronic component unit 
recited in claim 33, wherein said nozzle in the coming sweep takes a track 
which is different from that in the going sweep. 

25 35. The method of manufacturing an electronic component unit 
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recited in claim 24, wherein said nozzle has a width of opening which is 
larger than that of said substrate. 

36. The method of manufacturing an electronic component unit 
recited in claim 24, wherein said plate is rotated after being swept by said 

5 nozzle, and said plate is swept again by said nozzle. 

37. The method of manufacturing an electronic component unit 
recited in claim 36, wherein the angle of rotation of said plate is 
approximately 90 degrees. 

38. The method of manufacturing an electronic component unit 
10 recited in claim 24, wherein the roughening treatment is performed by 

blasting first abrasives of large grain diameter against said substrate, 
and then blasting second abrasives of smaller grain diameter than that of 
said first abrasives against than said substrate from said nozzle. 

39. The method of manufacturing an electronic component unit 
15 recited in claim 24, wherein said plate is reversed upside down so as said 

substrate is disposed to the bottom of the plate, and said substrate is 
roughened with abrasives blasted upward from said nozzle located under 
said substrate. 

40. The method of manufacturing an electronic component unit 
20 recited in claim 24, further comprising a step of blowing the roughened 

surface of said substrate with a gas after the roughening treatment. 

41. The method of manufacturing an electronic component unit 
recited in claim 22, wherein said substrate after having received said 
roughening treatment is cleaned by means of ultrasonic cleaning in a 

25 liquid containing no oxygen. 
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42. The method of manufacturing an electronic component unit 
recited in claim 41, wherein said liquid is alcohol. 

43. The method of manufacturing an electronic component unit 
recited in claim 42, wherein a plurality of said substrates is housed in a 

5 container in an upright position to be immersed altogether into said 
liquid. 

44. The method of manufacturing an electronic component unit 
recited in claim 43, wherein each of said plurality of said substrates is 
housed flutterable in an individual storage space of said container. 

10 45. The method of manufacturing an electronic component unit 

recited in claim 41, wherein said substrate after being pulled out of said 
liquid is blown with a gas containing least oxygen. 

46. The method of manufacturing an electronic component unit 
recited in claim 45, wherein said substrate after being blown with the gas 

15 is stored in an ambience free from the atmospheric air. 
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ABSTRACT 

In an electronic component unit, in order to prevent the 
occurrence of connection trouble between the connecting area of a 
conductive pattern and the electrode of an electronic component, the 
5 surface of connecting area 4a of conductive pattern 4 formed on substrate 
1 is roughened, and the protruding electrode 7a of a semiconductor 
integrated circuit 7 is connected with the roughened surface of connecting 
area 4a by means of an electroconductive adhesive 8. 
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Address all correspondence to: Lawrence E. Ashery 

Ratner & Prestia. Suite 301. One Westlakes, Berwvn. P.O. Box 980. Valley Fo rae. PA 19482-0980 
jjdress all telephone calls to: Lawrence E. Ashery at (610) 407-0700. 

fjereby declare that all statements made herein of my own knowledge are true and that all 
jatements made on information and belief are believed to be true; and further that these statements 
Mfere made with the knowledge that willful false statements and the like so made are punishable 
; J fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
b j 6ch willful false statements may jeopardize the validity of the application or any patent issued thereon 

Eyll name of sole or first inventor (given name, family name) Junji Oishi 



IM/entor's signature „ 

JJfesidence Osaka, Japan 
'Citizenship Japanese 

Post Office Address 37-113. Shindachiichiba, Sennan-shi. Osaka, 590 -0504 Japan 



Date 



Full name of second joint inventor, if any (given name, family name) Kenichi Nagai 

Second Inventor's signature „ 

Residence Kyoto, Japan 
Citizenship Japanese 

Post Office Address 7-2-15, Naqamodai. Kamo-cho, Soraku-qun, Kyoto. 619-1127 Japan 



| | Additional inventors are being named on separately numbered sheets attached hereto. 
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